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(54) Method of manufacturing spark plug and spark plug 



(57) A noble metal chip 3V is superimposed on a 
surface of a central electrode 3 made of a heat resisting 
alloy, the main component of which is Ni or Fe, to which 
the chip is secured so that a superimposed assembly 
70 is constituted. A perimeter laser weld portion 10 
across the noble metal chip 31 ' and a chip securing sur- 
face forming portion is formed around the outer surface 
of the chip of the superimposed assembly 70. Thus, the 
noble metal chip 31 1 is secured to the chip securing sur- 
face so that a noble-metal igniting portion 31 is consti- 



tuted. To form the perimeter laser weld portion 10 which 
has a maximum outer dimension dmax which is smaller 
than 2.0 mm and which does not reach the discharging 
surface 31a in a direction of the thickness of the noble 
metal chip 31 \ a laser beam source 50 is, as a light 
source of laser beams for use in a welding operation, 
employed which is arranged such that energy per pulse 
is 2 J to 6J, the length of the pulse is 1 millisecond to 1 0 
milliseconds and the pulse generating frequency is 2 
pulse/second to 20 pulse/second. 




EP 1 049 222 A1 



FIG. 2B 



EP 1 049 222 A1 

Description 

[0001] The present invention relates to a method of manufacturing a spark plug and the spark plug. 

[0002] As spark plugs serving as igniting means for internal combustion engines, spark plugs of a type having a 
5 noble-metal igniting portion have been used in recent years to improve resistance against sparks, the spark plugs 

being formed at the leading end of an electrode by welding a noble metal chip, the main component of which is Pt or 

Ir. When a noble metal chip is joined to the leading end surface of, for example, a central electrode, a method has 

been disclosed for example, in JP-A-6-45050 (U.S. Patent No. 5,320,569, EP-0 583 103 B1) and JP-A-1 0-1 12374. 

The method has the steps of superimposing a disc-shaped metal chip on the leading end of the central electrode and 
10 irradiating the outer surface of the superimposed surfaces with a laser beam while the central electrode is being rotated 

so that a perimeter laser weld portion is formed. 

[0003] In recent years, the temperature in the combustion chamber has been raised because the performance of 
the internal combustion engine has been improved. Moreover, engines of a type having a structure that the diameter 
of the igniting portion of the spark plug is reduced to be 2.0 mm or smaller so that the igniting portion is allowed to 

is project into the combustion chamber in order to improve ease of ignition have been widely employed. To improve 
resistance of the noble metal chip against separation in the severe atmosphere of use, a method has been employed 
with which a noble metal chip, the main component of which is I r or Pt, is welded to an electrode made of a heat 
resisting alloy composed of Ni group or Fe group elements so as to form a noble-metal igniting portion. 
[0004] The noble metal chip is usually welded to the spark plug by using pulse laser beams, such as YAG laser 

20 beams. The conditions under which the laser beam is applied have been determined such that the pulse generating 
frequency is a relatively low value of 0.5 pulse/second or lower. The foregoing method, however, requires an excessively 
long time of about 15 seconds to weld a noble metal chip having a diameter of about 0.7 mm. Therefore, there arises 
a problem of unsatisfactory productivity for each laser welding apparatus. 

[0005] To solve the problem of deterioration in the productivity, it is effective to raise the pulse generating frequency 

25 of the laser beams. As a result of investigations performed by the inventor of the present invention, the following problem 
has been found. When the pulse generating frequency of the laser beam is simply raised to improve the productivity, 
the heat resisting alloy composed of Ni groups or Fe groups for use as the material of the electrode and having a low 
heat conductivity suffers from an unsatisfactory fall in the temperature. When the leading end of the electrode has a 
small diameter, the fall in the temperature of the electrode is sometimes delayed as compared with application of heat 

30 which is performed for each pulse of the laser beam. As a result, the rear portions of a weld portion 10 in the circum- 
ferential direction are heated excessively, as shown in Figs. 1 3A and 1 3B. Therefore, there arises a problem in that 
the weld portion is made to be nonuniform such that a rear weld portion 10s is deeply welded as compared with a front 
weld portion 10p. As an alternative to this, the width I of the weld portion is enlarged excessively. Since the weld portion 
10 is constituted by an alloy of a material of a noble metal chip and a material of the electrode, the resistance against 

3S sparks of the weld portion 10 is inferior to that of only the noble metal chip. If the depth or the width of the weld portion 
10 is enlarged excessively, the durability of an igniting portion 31 formed by welding the noble metal chip excessively 
deteriorates. In a region in which the width I of the weld portion 10 has been entarged, the weld portion 10 is exposed 
to a discharging surface 31a in extreme cases. If the exposure is prevented, exposure of the weld portion 10 occurs 
in a case where the igniting portion 31 is somewhat consumed. In general, a spark plug is provided with the noble- 

40 metal igniting portion for the purpose of elongating the lifetime of the igniting portion (for example, lifetime corresponding 
to driving for 100,000 km to 160,000 km). If the foregoing problem arises, consumption of the exposed portion proceed. 
As a result, there sometimes arises a problem of misfire or the like because the spark discharge gap is enlarged in a 
relatively short time. 

[0006] An object of the present invention is to provide a method of manufacturing a spark plug capable of significantly 
45 improving efficiency of a process for welding a noble metal chip to an electrode and obtaining a uniform weld portion 
and a spark plug having durability of an igniting portion to a degree not heretofore attained. 

[0007] To solve the problems, according to the present invention, there is provided a method of manufacturing a 
spark plug comprising a central electrode and a ground electrode disposed such that the side surface of the ground 
electrode is opposite to the leading end surface of the central electrode and having a structure that a noble-metal 
50 igniting portion having a discharge surface is provided for at least either of the central electrode or the ground electrode 
at a position corresponding to a spark discharge gap by welding a noble metal chip, the method of manufacturing a 
spark plug comprising the steps of: 

constituting at least a chip securing surface forming portion of the central electrode and/or the ground electrode 
55 js formed with a heat resisting alloy having Ni or Fe as a main component thereof and superimposing the noble 

metal chip on a chip securing surface so as to form a superimposed assembly; 

providing a perimeter laser weld portion across the noble metal chip and the chip securing surface forming portion 
for the outer surface of the chip constituting the superimposed assembly so that the noble metal chip is secured 
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to the chip securing surface; and 
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th.ckness of the noble metal chip by using as a Sht ITul fnM 8 d ' SCharge Surface in a Erection of the 

energy per pulS e of 1 .5 J to 6 <J, a pulse lengfh of 1m Second to PU,Se ,aSer beam so — ^ 9 

2 P u| se/second to 20 pulse/second. """second to 10 m.ll.second and a pulse generation frequency 

range to efficiently form a uniform we.d port on MoZer h L ^ "?? S^^" 9 ,r8qUenc V satisfi ^ a specie 
laser beam and the length of each pulse are made to be L conmi °»* of the energy per p J^J'° a 
state where the foregoing conditio™ -are se the proLlem Si f ™ e '°" OWin9 tec ' has i£S £ a 
a frequency higher than the frequency employed hT cZlnu !^ W6 ' d POfti0n and ,ne *• can be solved 4 

OM .5 J to 6 J. a pulse length of 1 millisecond to 10 millisecnnHTl , ' 8 ' aSer beam havin 9 energy per pulse 
second whrch is a pulse generating ifBc^ J^^^*^^ M °"">™> 2 pu.se/second to 20 puS 

0010 When the length of the pulse is shorten 1 m ScoZ "? °' ^ Penmeter ,aser «■« Portion LTmax 
1 -5 J, the quantity of heat which is input per pulse Treduc!^,, ' t Whe ° ,he 8nergy of each P"*e is smallerThan 
ormed. When the energy o, each pulse ^ZS^T^Z^'f^l WBW ^ c ™ ™™^Te 
the quan,,ty of heat input is reduced excessnrely. WnTn the etectr^ , T ° f ^ PU ' Se * shorter than 1 millisecond 

accumulation of input heat o^seV^T^Z VeZT^ ^ °' the pU,se is 'W than 10 milliseconds 
electrode constituted by the heat re^t^lyZ^^X^ 3 the fa " of tne ^ re of The 

Sd^hTnTn 31 n0nUnif0 ^ " *• *»£ ^T^^SS^ F8 9 ™ ps is v ^ ««-. Thus, thfre 
oetormed. When the energy of each pulse is larger than 6 J and th^f . WXUrS ° r ,ne electrode is melted and 

ttod su^TT" eVaP ° rated and SCa,,ered «" ^^^iTSlS L PU,S : " ,0n9er ,han 1 0 "'""seconds 
00121 wh SntS and h0les ' easi| y occ <". " 18 a PP rehe nsion that defects of the elec- 

the pulse generating frequency is 2 pulse/second to 12 du I,! L ™ " Second to 6 milliseconds. It is preferable that 
de ectron ained ,r ° m 3 Pr0C8SS " ^ a 8P8 C,fiCa,i0a 8n8r ^ ° f eac " PuSe s a 

a noble-metal ignit.ng portion having a discharge surfac^n^ ! !? 9 e " d SUffaCe of ,ne central electrode and 
ground electrode at a position corresponding to a sp ark T s £» ** * ' 8aSt 8ither 0f the cen ™ electrode or me 
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mension dmax of the perimeter laser weld portion plane-viewed from the chip interposing direction is smaller than 
2.0mm. The perimeter laser weld portion does not reach the discharge surface in the thickness direction of the noble 
metal chip. A ratio Imin/lmax of the perimeter laser weld portion in the superimposed direction to the chip securing 
surface is 0.7 or higher. 

5 [0015] The fact that Imin/lmax can be made to be 0.7 or higher means a fact that circumferential dispersion of the 
distance from the discharging surface of the noble-metal igniting portion to the end of the perimeter laser weld portion 
adjacent to the discharging surface can satisfactorily be prevented. As a result, a problem can effectively be prevented 
which arises in that the discharging surface of the weld portion is exposed to the outside at a position at which the 
width of the laser weld portion is enlarged and the durability of the spark plug deteriorates. The manufacturing method 

10 according to the present invention is able to make the ratio Imin/lmax to be 0.9 or higher which is furthermore preferred 
value by appropriately determining the welding conditions. 

[0016] Embodiments of the invention will now be described, by way of example only, with reference to the accom- 
panying drawings in which: 

is Fig. 1 is a vertical cross sectional view showing an embodiment of a spark plug according to the present invention 

and an enlarged view showing an essential portion of the same; 

Fig. 2A is an enlarged perspective view of a leading end of a central electrode of the spark plug shown in Fig. 1 
and Fig. 2B is a plan view showing the front surface of the central electrode; 

Fig. 3A is a vertical cross sectional view of Fig. 2A and Fig. 3B is a vertical cross sectional view of its modification; 
20 Figs. 4A to 4D are developed views of a perimeter laser weld portion; 

Figs. 5A to 5D are diagrams showing a process for manufacturing an igniting portion of the central electrode of 
the spark plug shown in Fig. 1 ; 

Figs. 6A and 6B are diagrams showing a modification of the manufacturing process shown in Figs. 5A to 5D; 

Fig. 7 is a diagram showing another modification of the same; 
25 Figs. 8A and 8B are diagrams showing another modification of the same; 

Fig. 9 is a diagram showing a process for manufacturing a spark plug according to the modification; 

Fig. 1 0A is a perspective view showing an essential portion of the spark plug manufactured by the manufacturing 

process shown in Fig. 9, Figs. 10B and 10C are vertical cross sectional view showing the spark plug, and Figs. 

10A* to 10C* are vertical cross sectional view showing a modification of the spark plug as shown in Figs. 10A to 
30 10C, respectively.; 

Fig. 11 is a perspective view showing an igniting portion of the ground electrode; 

Figs. 12A and 12B are diagrams showing a process for manufacturing the spark plug of Fig. 11.; and 

Figs. 13A and 13B are diagrams showing problems experienced with the conventional manufacturing method. 

35 [0017] A spark plug 100 according to the embodiment of the present invention and shown in Fig. 1 incorporates a 
cylindrical main metal shell 1 and an insulating member 2 fitted to the inside portion of the main metal shell 1 such that 
a leading end 21 of the insulating member 2 projects. Moreover, the spark plug 100 incorporates a central electrode 
3 disposed on the inside of the insulating member 2 in a state in which a noble-metal igniting portion (hereinafter simply 
called an "igniting portion") 31 projects. Moreover, the spark plug 100 incorporates a ground electrode 4 having an end 
joined to the main metal shell 1 by welding or the like and another end bent sidewards and disposed such that the side 
surface of the ground electrode 4 is positioned opposite to the teading end of the central electrode 3. The ground 
electrode 4 is provided with a noble-metal igniting portion (hereinafter simply called an "igniting portion") 32 disposed 
opposite to the igniting portion 31. A gap between the opposite igniting portion 31 and igniting portion 32 is a spark 
discharge gap g. 

45 [0018] In this specification, the "igniting portion" is a portion of the joined noble metal chip on which an influence of 
change in the composition occurring due to the welding operation is not exerted (for example, a residual portion except 
for a portion alloyed with the material of the ground electrode and the material of the central electrode owing to the 
welding operation). 

[0019] The insulating member 2 is made of a sintered body of ceramic, such as alumina or aluminum nitride. The 
so insulating member 2 has a hole portion 6 formed in the axial direction of the insulating member 2 to receive the central 
electrode 3. The main metal shell 1 is formed into a cylindrical shape and made of a metal material, such as low-carbon 
steel, to constitutes a housing of the spark plug 100. Moreover, a screw portion 7 for joining the spark plug 100 to an 
engine block (not shown) is formed on the outer surface of the main metal shell 1. 

[0020] A structure may be employed in which either of the igniting portion 31 or the opposite igniting portion 32 is 
55 omitted. In the foregoing case, spark discharge gap g is formed between the igniting portion 31 and the side surface 
of the ground electrode 4 for which the igniting portion is not provided. As an alternative to this, the spark discharge 
gap g is formed between the opposite igniting portion 32 and the front surface of the central electrode 3 for which the 
igniting portion is not provided. 
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[0021] Each of the central electrode 3 and the around siPrtmHo a ho„ n, u- 

^;-=^^ 

(1 ) Heat Resisting Alloy Containing Ni Group which is in thi«a cna/»ifi ra «i~. 

of a type containing Ni by 40 wt% to 85 ? and TZ ' SpeClf,catlon ' a 9 enenc nama of heat resisting alloys 
materials: Cr. Co, Mo W, Nb W Ti and Fe ^ Sped S <v Th^r™^ 9 * ™ " m °™ ° f the ,ollowin 9 

MONIC 90. NIMONIC 105, N.MON.C 115 N.MOM^aS Sn.C o 4 P tiM^ol? ?5 ' N ' M ° N,C 8 ° A ' N '" 
MONIC PK33, PYROMET 860, RENE 4! RENE 95 SSS uniM^™"' 0 PE "' N ' MON,C PE16 ^ Nl ' 
UDIMENT 630, UDIMENT 700 UDIMENT 710 UDImSt ^ 72^ UN.TPP ^Tn^ D ' MENT 5 °°' UD ' MENT 52 °' 

(2) Heat Resisting Alloy Containing Fe Group wh^h " mis TpecSL A6 ^ WASPALOY 

of a type containing Fe by 20 wt% to 60 wt°/ anH I , hl!l s P ec,f,cat, °n. a Qenenc name of heat resisting alloys 

matena.s: Cr. Co, Mo W Nb M T, and ItTio^Z^ f 7'"* C ° nSiS,in9 °' ° ne ° r more ^ es of the to "°wing 
a reshow,N otemanhe ^^ 

book Edition No. 3 (Maruzen), pp. 138 ) is «ntt^^2jST " dOCUmen, (M6,a ' ^ Hand " 

590, V-57, PYROMET CTX-1, 16^^ PYROMET CTX-3. S- 

oy°n?b.e n^h^^ ^ ^ 32 is **» constituted 

resistance of the igniting portio car °be improved even^Tn 9 °' n9 n ° b ' e ^ iS employed ' the ^sumption 
electrode is easi.y raised Moreover leZZ wit TJnJS , T^™™ ,emperature °< the centra. 

When noble metal the base matena oTwnS s pTTs emo.ovVd ? T 9 T r6SiS,in9 a "° y Can b6 impr0Ved 

an alternative to this, La 2 0 3 , ThO, or ZrO, may be emoloveri inlZ 7 * 2 3 ern P'°y ed as the 0 »de. As 
in the form of a sole body as well Is the Ir aUoy * f ° re9 ° ,n9 ° aSe ' * e metal c °™P°nent may be Ir 

[0024] The central electrode 3 has a tapered surface hauinr, =. fr,,^-,, -i 

end of the centra, e.ectrode 3 so that the cSamete ofThe ^SSZSSSS^SV ^ " ** ^ 

metal chip 31 ■ (see Figs. 5A to 5d, constituting the ignitfng portion T^c ttelL^Z^ *. d,sc ' sha P e nobte 

imposed on a front surface 3s of the central electrode 3 9 ? ^P 08 ' 110 " of an a «oy * super- 

simply ca„ed a "weld portion") is, by fmXSS^^^J^^^^ W f POrti °" 10 
Thus, the igniting portion 31 is formed. The opposite igniting ooZ 32 is Lr™n h w S ° 33 * be SeCUred 
position of the noble metal chip 32' (see Figs 12A and 12mLr 2! J * * V perform,n 9 registration of the 

spending to the igniting portion^ . L^CSi! * * P ° Siti ° n C ° rrS - 

to be secured. The foregoing chips can be obtained bv formal « „ 9 dS ° f ,he JO,ned surta <=es so as 
components such that a preterm ned co^S and ^ing al.oy 

like memberispunchedsoas tobe formed into a o ^edeterm^L k P t ! Sh3Pe by h0t r °" in9 ' Then ' the P late - 
to this, a method may be emp.oyedZ ^^CS"^^.^ ah0,PUnCh,ngp,0Ce "- Asanal ^ a >- a 
forging so as to be cu, in the lengthwise direction to h^ve a SS^^il? T°J " ^ ^ °' h0t 
member may be employed which has been moidPri h J L =. 9 an alternatlve t° this, a spherical 

«-«« ,00,0.4 m : ,o ,/r a h ^r;jo;^orrr;?r hw Ea * * m8 ch,ps 3r m °* - a 

surface 3s of the central electrode 3 is used a H rhin T i described. As shown in Fig. 5A, a front 
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stituted. Then, the perimeter laser weld portion 10 is formed along the outer surface of the noble metal chip 31 1 of the 
superimposed assembly 70 at a position across the noble metal chip 31' and the chip securing surface. As a source 
of the laser beam, a pulse laser beam source (for example, a YAG laser beam source) 50 is employed which is arranged 
such that energy per pulse is 1.5 J to 6 J, the length of the pulse is 1 miilisecond to 10 milliseconds and the pulse 

s generating frequency is 2 pulse/second to 20 pulse/second. The perimeter laser weld portion 10 constituted by using 
the chip 31' having the above-mentioned size under the foregoing conditions has a maximum outer dimension dmax 
which is smaller than 2.0 mm, plane-viewed from the chip interposing direction as shown in Fig. 2B. Moreover, the 
perimeter laser weld portion 10 does not reach a discharging surface 31a in a direction of the thickness of the noble 
metal chip 31'. It is preferable that the maximum outer dimension dmax is 0.4 mm or larger. When the dmax is smaller 

io than 0.4 mm, a uniform weld portion cannot easily be formed if the diameter of the laser beam is considerably reduced. 
Therefore, normal formation of the igniting portion is sometimes inhibited. 

[0026] Each of the heat resisting alloy for use as the material of the electrode having a low heat conductivity at 800° C 
which is 30 W/nrvK or lower has a characteristic that heat is easily accumulated in the alloy during the laser welding 
operation. The laser beam is employed which is. arranged such that energy per pulse is 1 .5 J to 6 J and the length of 

15 the pulse is 1 millisecond to 10 milliseconds. Thus, satisfactory uniformity of the perimeter laser weld portion 10 can 
be realized if the pulse generating frequency of 2 pulse/second to 20 pulse/second is employed. Specifically, a ratio 
Imin/lmax of minimum width Imin and maximum width Imax of the perimeter laser weld portion 10 in a direction of 
central axis O of the chip 31 1 or the central electrode 3 can be made to be 0.7 or higher (preferably 0.9 or higher). 
[0027] Fig. 4A is a developed view of a projected image formed when the perimeter laser weld portion 10 has been 

20 projected onto a cylindrical surface (having a diameter which is the same as the outer diameter of the discharging 
surface 31a) which is coaxial to the central axis O. In Fig. 4A, lmin and Imax are shown. Shortest distance hmin from 
outer end TL of the discharging surface 31 a to an end of the perimeter laser weld portion 10 adjacent to the discharging 
surface 31a will now be described. Assuming that the distance from each end of the perimeter laser weld portion 10 
adjacent to the discharging surface 31a to integral central line UCm is average thickness hav of the igniting portions, 

25 it is preferable that hmin/hav is 0.7 or higher similarly to Imin/lmax. Thus, a problem can effectively be prevented which 
arises in that the weld portion is exposed to the discharging surface at the position at which hmin is realized (in many 
cases, a position at which the perimeter laser weld portion 10 has largest width (Imax)) owing to slight consumption of 
the noble-metal igniting portion and, therefore, misfire or the like occurs. 

[0028] When the two side portions of the perimeter laser weld portion 10 across the central axis O of the perimeter 
30 laser weld portion 10 are not connected to each other in the radial direction as shown in Fig. 3A(in the foregoing case, 
the perimeter laser weld portion 10 is formed into an annular shape), thickness tc of the chip can be measured from 
the axial cross section after the welding operation has been completed. When the two sides portions of the weld portion 
10 are connected to each other in the radial direction as shown in Fig. 3B(in the foregoing case, the perimeter laser 
weld portion 10 is formed into a disc shape), reference line CM is set at an intermediate position between integral 
35 central lines UCm and LCm on the two side ends of the perimeter laser weld portion 10 in the width wise direction, as 
shown in Fig. 4A. Moreover, an assumption is made that distance H from the reference line CM to the outer end TL of 
the discharging surface 31 a is tc to estimate the thickness. 

[0029] The diameter dc of the chip is arbitrarily determined to satisfy a range from 0.4 mm to 1 .2 mm to correspond 
to the durability and the igniting performance required of the spark plug. In general, the noble metal chip is a costly 

40 chip. Therefore, the quantity of use of the noble metal chip must be reduced by reducing the thickness tc of the noble 
metal chip to 0.5 mm to 1 .5 mm. It is preferable that the average thickness hav of the igniting portion is 0.2 mm to 1 .0 
mm. The reason for this lies in that a structure that hav is smaller than 0.2 mm causes exposure of the weld portion to 
the discharging surface owing to slight consumption of the noble-metal igniting portion to occur. Thus, the durability of 
the spark plug sometimes deteriorates. If hav is larger than 1 .0 mm, the spark plug, which is at the end of its life owing 

45 to enlargement of the gap, must be changed in a state in which a considerably large quantity of the noble metal chip 
remains. Therefore, when the thickness tc of the chip can be confirmed even after the welding operation has been 
completed, it is preferable that ratio hav/tc of the average thickness hav of the igniting portion and the thickness tc of 
the chip is about 0.13 to 2.0. When the end of the noble metal chip 31* opposite to the discharging surface projects 
adjacent to the base portion as compared with the weld portion 10 as shown in Fig. 4B, there arises a problem in that 

50 the overall projecting portion comes naught regardless of the end of the life even if havAc is 0.2 to 1 .0. 

[0030] To prevent separation of the noble metal chip from the central electrode, it is preferable that lav is 0.4 mm or 
larger on an assumption that the distance between UCm and LCm is average width lav of the weld portion. When two 
sides portion of the weld portion across the central axis are not connected to each other in the radial direction as shown 
in Fig. 4C, it is preferable that tc - hav is 0.2 mm or larger. A case will now be described in which the two side portions 

55 of the weld portion in the radial direction are connected to each other as shown in Fig. 4D. An assumption is made that 
the distance from the discharging surface 31 a to a position on the joint surface between the perimeter laser weld portion 
1 0 and the igniting portion 31 at which the perimeter laser weld portion 1 0 has a smallest thickness in the axial direction 
of the central electrode 3 is tc2 and the distance to a position at which the perimeter laser weld portion 1 0 has a smallest 
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~ «^^JSS^ PSrimeter ,3Ser WeW 10 - *e cent., e.ectrode 3 is tc3. „ is 

' to aiy a m ^ SS V™ to this embodiment, it is ra tiona, 

superimposed assembly 70 of the igniting portion 31 and 1 , '! W ' th ' 3Sef beam LB whi '* the 

axis O of the igniting portion 31 J?,~£^J!i^^J^^ 3 *'* be '^ ratated the central 

weld portion can uniformly be formed. Inthe foregoing 2l on^ther o ^theTuZ * V*"' ' 3Ser 

- xsr 50 may be ro,a,ed As an 1 * s 

K^lSSt^ as follows: the relative rotational 

or higher) when only one laser beam source 50 is used Tc aetZ ESS , ^ ° f hiBh * r (Pre,er3b,y 12 ^ 
■mposed assemb.y 70 and the laser beam source 50 must SaS be ZZt °h ° Pera,i0a the SU P ef - 

rotafonal speed is lower than 10 rpm, time for which the we S SSl ? °" e ° f m ° re times ' lf ,he relat ™ 

time for manufacturing one spark plug, is elongated I excesS^ Th!S * P ^° rmed h ° ne r0,3ti0n ' that is - dead 
as compared with the conventional method excess '^ly. Therefore, an advantage cannot always be realized 

Sd^^ 

until the welding operation is completed can' s^ZT^c^ T & T ^ °' reV °' Utions re ^' ed 

speed can sometimes be reduced.When two laser oTam source 50 a aid 50b dl h™' °' ^ ^ ^i 0 " 3 ' 
angular degree of about 180- are used to perform the JoLraLn a k P ° Sed ^ U ° m each ° ,her b V an 

sources 50a and 50b are operated for corresoondin Q wl,H n T ^ * Sh ° Wn ,n Figs - 6A and 6B ' ,ne 'aser beam 

the .aser welding conditions according ahfpresZnTen^ Th 8mP ^ "** laSer b6am SOUrce ™ st satisfy 
Plenty of laser beam sources (n which J^^rZS^^^** ^J*" * 8Crib8dL Whe " 3 

ch.p 3V occurring when laser beams are applied simultaneity tak« nS ' ! 6d ' " Se " the temperature of the 
laser beam source is required to irradiate the weld Xton^L^ ? COnS,derab, y * d ^cribed above, each 
Therefore, the weeing operation can be compTet^a^e J?"^ (Vn) rOUnd ° f th ° chi P 31 ' 

source ,s employed. Asa result, time required to inpu theaUo Z £ ] „ ! *"*""* When 3 so,e laser bea " 
that the width of each weld portion is enlarged «2S^££2S!^J5 T"? "* ,here, ° rS ' 3 pr ° blem 

SedX^ 

m order to prevent deformation and scatter of motten meta ow°n 2 ™ ? » ^ 24 ° (, ° Uf r ° ta,ions ? er second > 
operation. On the other hand, centrifugal force^whichTSenedl! ^ t C h en,nfu 9 al force and P«*uced during the welding 
to be enlarged substantially in propdrtioh to the wS^^^-^T^ ^ 1 ° iS c °™ d *«* 

t.on to me square of ,he rotational 'angular velocTwZml wZinTf" T** ^ subs < antia »y propor- 

rotational speed of the superimposed assembly 70 is setto be I ZT 9 J T Considered ' " « Preferable that the 
that the unit of dmax below V X ° be 3 V3,ue wh,ch 13 define d by the following equation (note 

is mm): 

Vmax = 5ti (2/dmax) 1/2 (unit. radian/second) 



Sis ZT^;~: m Z -T^ 0 ^^ n 3S d - iS — - — dmax - 2.0 mm, 
ofthesuperimposedassemb,y70andthelarbea^s^^ 

speed, raising of the rotational speed of the t^S^^^T^^'^ n ^^ M 
the mechanism of the laser beam source 50 which mus, hlv! T ?? ^ en3b ' eS the ro,ational s P ee d of 

rotation is required). Thus, simplification of the mecnan^m S?. V! T ' V C ° mp,6X S * rUC,ure to be red ^ed (or no 
rotation which must be born is permitted m6Chan,sm of ,he la ser beam source 50 or reduction in the load of the 

rooae; When the relationship that dmax < 0.7B mm is substantially held, Vmax is higher than 240 rpm which is the 
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preferred upper limit in accordance with equation (1 ). As a result of investigations performed by the inventor of the 
present invention, at least five pulse-welded beads must be formed in one round to form the weld portion 10 which is 
completely continued in the circumferential direction by using the laser beam having energy of 1 .5 J to 6 J per pulse 
even in a case of the foregoing chip having the small diameter. The foregoing velocity of 240 rpm corresponds to four 

5 rotations per second which permits only five pulses per second or smaller if 20 pulse/second, which is the upper limit 
of the pulse generating frequency, is set. Therefore, if the rotational speed is higher than the above-mentioned speed, 
weld beads lOd are intermittently formed in the circumferential direction, as shown in Fig. 8A. Therefore, there is 
apprehension that pulse weld beads continued in the circumferential direction cannot be formed during one rotation. 
Therefore, it is advantageous that the rotational speed of about 240 rpm is maintained from a viewpoint of equation 

10 (1) if rotational speed higher than 240 rpm is permitted. When execution of second and following welding operations 
is permitted, shift of the angular phase at which the weld beads 10d are formed enables the weld portion 1 0 continued 
in the circumferential direction to be formed, as shown in Fig. 8B. 

[0039] When the laser beam source 50 is rotated, it is preferable that the rotational speed of the laser beam source 
50 is 90 rpm or lower in order to prevent undesirable shift of the position irradiated with the emitted laser beam. 

is [0040] To form the weld portion 10 which does not reach the discharging surface 31a when the thickness tc of the 
noble metal chip 3V is small as described above, it is effective to apply the pulse laser beam LB from a diagonally 
upper position. Specifically, as shown in Figs. 5B and 5C , it is preferable that the superimposed assembly 70 is irradiated 
with the pulse laser beam LB as follows. That is, an end Q of intersection between the surface to which the chip is 
secured (which is the front surface of the central electrode 3) and the outer surface of the chip is included in a spot of 

20 the laser beam LB and irradiation angle 9 with respect to the surface to which the chip is secured satisfies a range 
from 0° to 60° (for example, 45°). 

[0041] To facilitate location and securing of the noble metal chip 31' with respect to the surface to which the chip is 
secured, a process may be employed in which the locating recess 3a corresponding to the outer shape of the chip is 
formed in the surface to which the chip is secured, as shown in Fig. 5D. Then, the noble metal chip 31* is fitted in the 
25 locating recess 3a to constitute the superimposed assembly 70. To reliably perform the welding and joining operation 
in the foregoing case, it is preferable that the end Q of the intersection between the end of the opening portion of the 
recess 3a and the outer surface of the chip is irradiated with the pulse laser beam LB. 

[0042] Another method arranged as shown in Fig. 9 may be employed. That is, a cylindrical projection 3d is formed 
at the leading end of the tapered surface 3t of the central electrode 3. Moreover, the flat front surface 3s is used as 

30 the surface to which the chip is secured. The noble metal chip 31' is superimposed on the front surface 3s. Then, the 
pulse laser beam LB is applied to the end Q of the intersection between the surface to which the chip is secured and 
the outer surface of the chip. Fig. 10A is an enlarged perspective view showing a portion in the vicinity of the igniting 
portion 31 of a spark plug manufactured as described above. Figs. 10B and 10C are vertical cross sectional views of 
the foregoing portion. Fig. 1 0B shows a state in which the two side portions across the central axis O of the weld portion 

35 10 are not connected to each other. Fig. 10C shows a state in which the two side portions are connected to each other 
in the radial direction. As shown in Figs. 10A', 10B' and 10C\ a shape may be employed in which the overall body of 
the projection 3d is melted so as to be included in the weld portion 10. 

[0043] Fig. 11 shows a state in which the igniting portion 32 of the ground electrode 4 is formed. A perimeter laser 
weld portion 20 similar to that of the central electrode 3 is formed. As shown in Fig. 12A, the side surface which will 
40 face the spark discharge gap g of the ground electrode 4 (see Fig. 1 ) is used as the surface to which the chip rs secured. 
A recess 4a is formed in the foregoing surface. Then, the noble metal chip 32' is fitted and secured into the recess 4a. 
In the foregoing state, the laser beam source 50 is operated similarly to the method shown in Fig. 5B or the like so that 
the weld portion 20 is formed. 

[0044] Table 1 shows preferred laser welding conditions (energy per pulse, the length of the pulse, the pulse gener- 
45 ating frequency and the relative number of revolutions between the laser beam source and the superimposed assembly 
(note that the number of the laser beam source is one) when the weld portions having a variety of dmax are formed 
by using noble metal chips made of a variety of materials. 



Table 1 



so 


dmax (mm) 


Composition of 
Noble Metal 
chip (wt%) 


Energy of Laser 
Beam (J/pulse) 


Length of Pulse 

(US) 


Pulse Generating 
Frequency (pulse/ 
second) 


Relative Number 
of Revolutions 
(rpm) 


55 


1.1 


90PM 0!r, 80Pt- 
20lr 


2 


2 


12 


60 
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dmax (mm) 




-r Tab< e 1 (continued) 


5 


0.5 


I Composition of 
I Noble Metal 
I chip (wt%) 


Energy of Laser 
Beam (J/pulse) 


Length of Pulse 
(MS) 


Pulse Generating 
Frequency (pulse/ 
second) 


Relative Number 
of Revolutions 


10 


1.9 


100lr,95lr-5Rh, 
95lr-5Pt 90lr- 

10Rh SOIr- 

w 1 " 1 1 QUI I - 

20Rh 


2 


2 


9 


(rpm) 
60 


15 

E 


ixamples 


95lr-5Pt, 80lr- 
20Rh 901 r- 
10Rh, 98»r- 

. 2Y 2 Q 3 


3 


6 


3 


10 



20 



25 



30 



35 



[0045] To confirm the effect* nf th« 

the tapered surface 3t was 45- c5T? h T 1 meter 02 of ,he f ™t surface was 1 3 m™ 1* ameter 01 of 
thickness was 0 6 mm\« n « ' 6 °' her hand - nob 'e metal chi DS hlinn? ™ and,he ta Pe"3d angle of 
80P,- 20 lr Z%) ZZ J° 0 8 and ,he ° uter diameter was 0 4 mm to ^ °' diame,ers su <* that the 

[0046] C^^SSEi? ^ meWn9 " 5 ^ WSr8 ma - fa «ured * Punching a 

~:srr == -- of 04 ™ at - *- - 

1 Pu.se/second to 23 puS gS m, " iSeCOndS <° 6 ™ 8a «^ P^SS T? 63 " 1 1 8 
the central electrode 3 arranged ^'h ?k ^ mStal ° hi P was superimposed "or TtoZ ^ Siting frequency was 
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a central electrode (3) ; a ground electrode (4) disposed such that the side surface of the ground electrode 
(3) is opposite to the leading end surface of the central electrode (3); and a noble-metal igniting portion (31, 
32) having a discharge surface and provided for at least either of the central electrode (3) or the ground 
electrode (4) at a position corresponding to a spark discharge gap (g); 
5 wherein a chip securing surface forming portion of the central electrode (3) and/or the ground electrode (4) is 

constituted by a heat resisting alloy having Ni or Fe as a main component thereof; 

a perimeter laser weld portion (10, 20) is formed on an outer surface of the noble-metal igniting portion between 
a noble metal chip (31 , 32) superimposed on the chip securing surface forming portion and the chip securing 
surface forming portion; 

io a maximum outer dimension dmax of the perimeter laser weld portion (10, 20) , when plan-viewed from the 

chip interposing direction, is smaller than 2.0mm, the perimeter laser weld portion (10, 20) does not reach the 
discharge surface (31a, 32a) in the thickness direction of the noble metal chip (31, 32). and a ratio Imin/lmax 
of the perimeter laser weld portion (10, 20) in the superimposed direction to the chip securing surface is 0.7 
or higher. 
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FIG. 5A FIG. 5C 
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FIG. 10A FIG. 10A' 
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